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ABSTRACT
Background In New Zealand, the burden of childhood
obesity is greatest in Maori and Paciﬁc children.
Methods In 687 infants from an internet-based birth
cohort in New Zealand, we investigated ethnic
differences in early life risk factors for later obesity, the
degree to which these were explained by
sociodemographic factors, and the extent to which
ethnic differences in weight at age 3 months were
explained by measured risk factors.
Results The risk of having an obese mother was
double in Maori and Paciﬁc infants compared with NZ
European infants (prevalence 24% and 14%,
respectively; OR 2.23, 95% CI 1.23 to 4.04). Maori and
Paciﬁc infants had higher weights in the ﬁrst week of life
and at 3 months (mean difference 0.19 kg, 95% CI 0.01
to 0.38), and their mothers had higher scores on a
‘snacks’ dietary pattern and lower scores on ‘healthy’
and ‘sweet’ dietary patterns. These inequalities were not
explained by maternal education, maternal age or area-
based deprivation. No ethnic differences were observed
for maternal pre-pregnancy physical activity, hypertension
or diabetes in pregnancy, exclusive breastfeeding or early
introduction of solid foods. Ethnic inequalities in infant
weight at 3 months were not explained by
sociodemographic variables, maternal pre-pregnancy
body mass index or dietary pattern scores or by other
measured risk factors.
Conclusions This study shows excess prevalence of
early life risk factors for obesity in Maori and Paciﬁc
infants in New Zealand and suggests an urgent need for
early interventions for these groups.
INTRODUCTION
The past few decades have seen a dramatic rise in
the prevalence of overweight and obesity in most
high-income countries, even in very young chil-
dren.1 In New Zealand, one in nine children (11%)
aged between two and 14 years are obese, and a
further one in ﬁve (22%) are overweight with the
greatest burden observed in the indigenous Maori
population and people from the Paciﬁc Islands.
Compared with the overall population-wide preva-
lence of childhood obesity of 11%, the prevalence
in Maori children is 19% and in Paciﬁc children it
is 27%.2
Being overweight or obese as a child is associated
not only with short-term and long-term health
risks, particularly for cardiovascular health3 and
type 2 diabetes,4 but also for mental health5 and
social outcomes such as educational attainment.6
There is now strong evidence that obesity often
begins early in life7 8 and that prenatal and
early-life factors,7 9 including low socioeconomic
position,10 11 maternal obesity,12 13 maternal diet
during pregnancy,13 maternal hypertension or dia-
betes,14 no or short duration of breastfeeding,15 16
early introduction of solid foods15 and greater
weight in early infancy,17–19 are associated with
childhood obesity. Furthermore, despite some inter-
ventions with established effectiveness,20–22 adult
obesity has proved very difﬁcult to treat,21 23 and
obesity established in early life tends to persist
across the life course,24 emphasising the need for
early preventive interventions. Understanding
ethnic differences in early life risk factors for later
obesity may thus help to inform strategies aimed at
preventing ethnic inequalities in obesity later in
life.
This study examined ethnic differences in estab-
lished early life risk factors for obesity in a pro-
spective New Zealand cohort study of 3-month-old
infants to assess whether these ethnic differences
persist after adjustment for sociodemographic vari-
ables, and to examine the extent to which ethnic
differences in infant weight at age 3 months are
explained by other risk factors.
METHODS
The Early Life Factors Study
The Early Life Factors (ELF) study is an internet-
based birth cohort study investigating the associa-
tions between ELF including environmental expo-
sures and a wide range of health outcomes
including obesity. The primary location for the ELF
cohort is Wellington, New Zealand, while add-
itional study sites are located in other main cities
(Christchurch and Auckland). Pregnant women
aged 16 and above were eligible to participate. The
main source of recruitment of pregnant women
was at ‘parent and child shows’ marketed at expect-
ing and experienced parents. The shows occur
annually in the main urban centres (Auckland,
Wellington and Christchurch). Additional recruit-
ment methods included information in: prenatal
booklets, antenatal clinics within hospitals and son-
ography practices, and participants who enrolled
through an internet engine search. A total of 2197
pregnant women indicated their willingness to par-
ticipate from September 2008 to September 2011.
Almost half were from Wellington (45%), with the
others mostly from Auckland (33%) and
Canterbury (12%). Of those, 1042 (44%) have
actively contributed data, with reasons for
non-participation including loss to follow-up
(81%), later refusal to participate (12%), miscar-
riage, non-viable pregnancy or death of the baby,
and moving to another country. Participants were
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asked to complete one questionnaire in late pregnancy (median
30.5 weeks gestation, IQR 23–36 weeks), and a second ques-
tionnaire when their child was approximately 3 months old.
Participants could choose to complete the questionnaire over
the internet or use a paper-based postal copy.
Assessment of child’s ethnicity
Mothers reported the ethnicity of their child in the 3 month
questionnaire. Prioritised self-identiﬁed ethnicity is standard
health research practice in New Zealand.25 If Maori was
selected as one of the multiple potential responses, the child
was classiﬁed as Maori. Respondents selecting one or more of
several Paciﬁc Island ethnicities (but not selecting Maori) were
prioritised as Paciﬁc. Participants who selected New Zealand
European as their ethnicity were classiﬁed as NZ European
(hereafter referred to as ‘European’). Owing to the small
number of Paciﬁc Island infants, we grouped these with Maori
infants, since Maori and Paciﬁc infants are more similar than
Paciﬁc and European infants in terms of shared risk factors, and
both ethnicities have a higher prevalence of maternal and child-
hood obesity.26 27 Also, owing to the small numbers within each
group, all other ethnicities (predominantly Chinese and Indian)
were classiﬁed as ‘other’.
Assessment of early life risk factors for obesity
In the pregnancy questionnaire, women reported their age, edu-
cational level, height and pre-pregnancy weight and usual
dietary intake via a number of questions about the frequency of
consumption of certain foods (full questionnaire reproduced in
online only supplementary material), and whether before their
pregnancy they regularly undertook at least 1 h per week of
physical activity sufﬁciently vigorous to make them sweat. We
dichotomised maternal education as a university degree or
higher versus less than a degree. Body mass index (BMI) was
calculated as weight in kilograms divided by height in metres
squared, from which we deﬁned overweight as BMI≥25 kg/m2
and <30 kg/m2 and obesity as BMI≥30 kg/m2 since these cat-
egories are used in clinical practice; the same deﬁnitions of over-
weight and obesity were used in all ethnic groups. Maternal age
was categorised as <25 years, 25 to <25 years and ≥35 years.
In the 3-month questionnaire, mothers reported whether they
experienced hypertension or diabetes during pregnancy, the
child’s weight within the ﬁrst week of life and at age 3 months
(mothers were asked to copy these from the child health record,
which is given to parents of all newborns in New Zealand),
whether they exclusively breastfed the infant in the ﬁrst 3 days
of life and still at age 3 months (deﬁned as breast milk being the
only food or drink given to the infant) and whether they had
introduced the infant to solid food before 3 months. We
grouped pre-existing and pregnancy-onset hypertension and dia-
betes due to the small numbers.
The New Zealand Deprivation Index 200628 was used to cal-
culate an area-based measure of deprivation based on the
mother’s address during pregnancy.
Statistical analysis
The analysis of dietary patterns was carried out using principal
component analysis (PCA),29–31 an approach which seeks to
create meaningful summary ‘patterns’ that describe types of
diet. Each dietary pattern has ‘weights’ for each food type, and
these weights were used to calculate a score for each dietary
pattern for each woman; higher scores for a given dietary
pattern indicate that the woman’s diet was more closely
matched to that dietary pattern. Note that each woman is
assigned a score for each dietary pattern, since it is possible (and
likely) that a given woman’s diet will have characteristics of
more than one pattern; thus, the dietary pattern scores are a
continuous measure of how closely a woman’s diet matches
each ‘type’ of diet. PCA analysis was carried out in Stata using
the pca command, with orthogonal rotation to improve inter-
pretability of the components. The dietary pattern scores were
standardised to have a mean of zero and a variance of one. We
included in the PCA data on frequency of intake of multiple
food types (boiled vegetables, stir fry vegetables, frozen vegeta-
bles, fresh fruits, oats, pulses, cheese, pies, sausages, burgers,
pizza, chips, BBQ foods, fried foods, rice, pasta, pudding, cake,
chocolate bars, chocolate, sweets, potato crisps and ﬁzzy drinks)
as well as binary variables indicating whether white bread and
brown bread were eaten on most days. Consumption of other
food types was also reported (full details in the online only
supplementary material), but the addition of further food types
to our analysis reduced the proportion of variance explained by
the ﬁrst few principal components (patterns) and resulted in less
interpretable dietary patterns. The number of principal compo-
nents/dietary patterns selected for further analysis was selected
on the basis of a scree plot, which describes the proportion of
variance in the indicator variables explained by each principal
component.
The association between child’s ethnicity and sociodemo-
graphic variables (maternal education and age, and New
Zealand Deprivation Index) was assessed using logistic or multi-
nomial logistic regression as appropriate. Associations between
ethnicity and other early life risk factors for later obesity were
evaluated using linear, logistic or multinomial logistic regression
as appropriate, with and without adjustment for sociodemo-
graphic variables.
The degree to which ethnic differences in infant weight were
explained by other factors was examined using linear regression,
with adjustment for potential mediators. For all regression
models, residuals were approximately normally distributed.
To minimise selection bias32 and increase efﬁciency, multivari-
ate multiple imputation33 was carried out to impute missing
data on early life risk factors. Multivariate multiple imputation
creates a speciﬁed number of copies of the data (in our case, 20
copies) in which missing values are imputed by chained equa-
tions, with an appropriate level of randomness. Results are
obtained by averaging the results from analysis of each of these
20 data sets using Rubin’s rules.34 In this procedure, the SEs for
any regression coefﬁcients (used to calculate p values and 95%
CIs) take account of the uncertainty in the imputations as well
as uncertainty in the estimate. We included in our multivariate
multiple imputation analysis all participants for whom we had
data on the child’s ethnicity from the 3-month questionnaire,
and used all variables included in our analyses to impute all
others. We present the results from the multivariate multiple
imputation analysis as our main results, and results from the
analysis of participants with complete observed data on all vari-
ables of interest as online only supplementary material.
RESULTS
Data on the infant’s ethnicity were available for 687 participants
(67% of those who have contributed any data), who form the
eligible sample for our multivariate multiple imputation analysis.
Of these 687 infants, 493 (71.8%) were of European ethnicity,
21 (3.1%) were Paciﬁc, 94 (13.7%) were Maori and 79 (11.5%)
were of other ethnicity. Thus, 16.7% of our participants were of
Maori or Paciﬁc ethnicity (table 1). Most of the mothers were
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aged 25 to <35 years, and most were educated to university
degree level (table 1).
Distributions of all variables were similar in the observed data
and in the 20 data sets created by multivariate multiple imput-
ation (see online supplementary table S1). Complete data on all
variables of interest were available for 422 participants; no
strong ethnic differences were observed between participants
with fully observed data and those with some missing data, but
mothers who did not provide complete data were more likely to
be educated to less than degree level and to live in an area of
higher deprivation (see online supplementary table S2).
Principal components analysis of the mother’s dietary intake
data indicated that ﬁve principal components provided a reason-
able summary of dietary patterns, with the elbow of the
Screeplot being approximately at 5 (see online supplementary
ﬁgure S1) and the ﬁrst ﬁve components cumulatively explaining
approximately 40% of the variance in the dietary intake data
and resulting in interpretable dietary patterns (interpretation of
higher order components was less clear; see online supplemen-
tary table S3). The weightings assigned to each of these ﬁve
dietary patterns indicate that the following are suitable descrip-
tions of the ﬁve dietary patterns: (1) processed foods (charac-
terised by high intake of burgers, pizza, pies, chips and fried
foods), (2) snacks (characterised by high intake of chocolate,
sweets, ﬁzzy drinks and crisps), (3) healthy foods (characterised
by high intake of stir fried vegetables, fresh fruit, oats and
pulses), (4) sweet foods (characterised by high intake of biscuits
and cake), (5) starchy foods (characterised by high intake of rice
and pasta; see online supplementary table S3).
Maori and Paciﬁc infants were more likely to have a mother
who was educated to less than university degree level, who was
younger than 25 years old, or to live in an area of high depriv-
ation (table 2). Infants of ‘other’ ethnicity were less likely to
have a mother who was educated to less than degree level, but
were slightly more likely to live in an area of high deprivation
(table 2).
Maori and Paciﬁc infants were twice as likely as European
infants to have a mother who was obese (OR 2.23, 95% CI
1.23 to 4.04; table 3). The prevalence of maternal obesity was
23.8% in Maori and Paciﬁc women, 14.1% in European
women and 6.2% in women of other ethnicities. Ethnic differ-
ences in overweight were less pronounced, with the prevalence
being 30% in Maori and Paciﬁc women, 26.3% in European
women and 29.2% in women of other ethnicity (table 1).
There was no evidence of ethnic differences in maternal pre-
pregnancy physical activity, hypertension or diabetes in preg-
nancy, exclusive breastfeeding or early introduction of solid
foods (table 3). Mothers of Maori and Paciﬁc children tended
Table 1 Participant characteristics
Prevalence or mean (SD) by ethnic group
European
N=493
Maori or
Pacific
N=115
Other
N=79
Sociodemographic variables
Mother educated to less than
University degree level
15.2% 27.4% 3.3%
Mother’s age, years
<25 6.4% 25.3% 2.5%
25 to <35 63.7% 60.4% 64.8%
≥35 30.0% 14.4% 32.7%
NZ deprivation index 2006
1 (lowest deprivation) 28.8% 16.4% 21.5%
2 29.2% 20.4% 32.9%
3 20.1% 18.4% 17.7%
4 12.9% 30.4% 20.5%
5 (highest deprivation) 9.0% 14.4% 7.5%
Maternal pre-pregnancy BMI, kg/m2
<25 59.6% 45.6% 64.1%
25 to <30 26.3% 30.3% 29.3%
≥30 14.1% 24.2% 6.7%
Mother did physical activity
pre-pregnancy
82.2% 83.9% 86.2%
Mother’s diet in pregnancy*
Processed foods (SD) −0.02 (1.01) 0.16 (0.97) −0.13 (0.96)
Snacks (SD) −0.03 (0.98) 0.33 (1.03) −0.28 (0.98)
Healthy foods (SD) 0.03 (0.99) −0.20 (1.06) 0.10 (0.94)
Sweet foods (SD) 0.05 (0.99) −0.20 (1.05) −0.01 (0.93)
Starchy foods (SD) −0.07 (1.01) 0.09 (0.98) 0.27 (0.92)
Hypertension in pregnancy 12.2% 16.5% 11.4%
Diabetes in pregnancy 3.7% 2.6% 6.3%
Infancy characteristics
Weight in first week (kg) 3.51 (0.56) 3.62 (0.68) 3.45 (0.51)
Weight at 3 months (kg) 6.02 (0.85) 6.21 (1.01) 6.07 (0.89)
Exclusive breastfeeding in
first 3 days
80.4% 77.4% 79.1%
Exclusive breastfeeding at
3 months
52.6% 51.3% 59.4%
Solid foods introduced by
3 months
29.6% 35.7% 24.2%
Values are percentages or mean (SD) for 687 participants using imputed data.
*Dietary pattern scores are standardised to have a mean of zero and a variance of
one; values in this table can therefore be interpreted as SEs from the overall
population mean.
BMI, body mass index.
Table 2 Association between infant’s ethnicity and
sociodemographic variables
European
N=493
Maori or Pacific
N=115
Other
N=79
Mother educated to
less than University
degree level
1 (ref) 2.10 (1.16 to 3.80)
p=0.01
0.19 (0.05 to 0.73)
p=0.02
Mother’s age, years
<25 1 (ref) 4.20 (2.13 to 8.29)
p<0.001
0.33 (0.05 to 2.42)
p=0.28
25 to <35 1 (ref) 1 (ref) 1 (ref)
≥35 1 (ref) 0.50 (0.26 to 0.98)
p=0.05
1.07 (0.62 to 1.85)
p=0.81
NZ deprivation index 2006
1 (lowest
deprivation)
1 (ref) 1 (ref) 1 (ref)
2 1 (ref) 1.23 (0.56 to 2.68)
p=0.61
1.51 (0.74 to 3.11)
p=0.61
3 1 (ref) 1.61 (0.76 to 3.40)
p=0.21
1.18 (0.51 to 2.75)
p=0.70
4 1 (ref) 4.16 (2.05 to 8.43)
p<0.001
2.14 (0.94 to 4.84)
p=0.07
5 (highest
deprivation)
1 (ref) 2.81 (1.19 to 6.63)
p=0.02
1.11 (1.19 to 6.33)
p=0.86
N=687 using multiply imputed data.
Values are ORs (95% CIs) comparing Maori and Pacific children and other ethnicity
children to European children. Logistic regression was used for maternal educational
level, with ‘more than University degree’ as the reference category. Multinomial
logistic regression was used for maternal age and NZ deprivation index, with 25 to
<35 years and lowest deprivation quintile used as the reference categories.
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to have a higher score on the snacks dietary pattern as com-
pared with mothers of European children (mean difference 0.36
SD, 95% CI 0.13 to 0.59) and a lower score on the healthy
foods dietary pattern (mean difference −0.23, 95% CI −0.49 to
0.03) but lower scores on the sweet foods dietary pattern (mean
difference −0.25 SD, 95% CI −0.51 to 0.01; table 3). Maori
and Paciﬁc children had on average a higher weight both in the
ﬁrst week of life (mean difference compared with European
children 0.11 kg, 95% CI −0.01 to 0.23) and at age 3 months
(mean difference compared with European children 0.19 kg,
95% CI 0.01 to 0.38; table 3). There was no evidence of differ-
ences between the European and ‘other’ ethnic groups in any
early life risk factor (table 3).
Inequalities between Maori and Paciﬁc infants and European
infants in terms of maternal obesity, maternal diet in pregnancy
and weight in early life did not attenuate after adjustment for
maternal age, education level and area-level deprivation (table 4).
The magnitude of ethnic differences in infant weight at age
3 months remained similar after adjustment for all measured
potential mediators (sociodemographic variables, maternal pre-
pregnancy BMI, maternal dietary pattern scores, hypertension
during pregnancy, diabetes during pregnancy, physical activity
during pregnancy, exclusive breastfeeding at 3 days, exclusive
breastfeeding at 3 months and early introduction of solid foods),
although the CI was wider and spanned the null value after
adjustment for potential mediators (table 5).
The results of analyses of the 422 participants with complete data
on all variables of interest were broadly similar to those from our
analysis using multivariate multiple imputation, although CIs
tended to be wider due to lower statistical power; since some vari-
able CIs did not include the null in analysis of the imputed data but
did include the null in the complete case analysis (see online supple-
mentary tables S4–S7). Analysis of the potential role of mediators in
the association between ethnicity and infant weight at 3 months is
difﬁcult in the complete case analysis, since the CI in unadjusted
analysis spans the null value (see online supplementary table S7).
DISCUSSION
In this study, infants of Maori and Paciﬁc ethnicity were more
likely than European infants to have obese mothers and mothers
whose diet was characterised by higher scores on a ‘snacks’
dietary pattern (characterised by the high intake of chocolate,
Table 3 Association between infant’s ethnicity and known risk factors for obesity (unadjusted)
European
N=493
Maori or Pacific
N=115
Other
N=79
Categorical risk factors; ORs and 95% CIs
Maternal pre-pregnancy BMI, kg/m2
<25 1 (ref) 1 (ref) 1 (ref)
25 to <30 1 (ref) 1.51 (0.87 to 2.62)
p=0.15
1.04 (0.59 to 1.82)
p=0.90
≥30 1 (ref) 2.23 (1.23 to 4.04)
p=0.01
0.43 (0.15 to 1.24)
p=0.12
Mother did physical activity pre-pregnancy 1 (ref) 1.14 (0.61 to 2.12)
p=0.68
1.36 (0.64 to 2.90)
p=0.42
Hypertension in pregnancy 1 (ref) 1.43 (0.81 to 2.50)
p=0.21
0.93 (0.44 to 1.95)
p=0.84
Diabetes in pregnancy 1 (ref) 0.70 (0.20 to 2.43)
p=0.58
1.78 (0.64 to 4.93)
p=0.27
Exclusive breastfeeding in first 3 days 1 (ref) 0.84 (0.51 to 1.37)
p=0.47
1.20 (0.70 to 2.06)
p=0.41
Exclusive breastfeeding at 3 months 1 (ref) 0.95 (0.63 to 1.42)
p=0.80
1.32 (0.81 to 2.13)
p=0.27
Solid foods introduced by 3 months 1 (ref) 1.32 (0.86 to 2.03)
p=0.20
0.76 (0.44 to 1.32)
p=0.34
Continuous risk factors; mean differences and 95% CIs
Mother’s diet in pregnancy*
Processed foods (SD) 0 (ref) 0.17 (−0.08 to 0.43)
p=0.19
−0.11 (−0.38 to 0.15)
p=0.39
Snacks (SD) 0 (ref) 0.36 (0.13 to 0.59)
p=0.002
−0.25 (−0.52 to 0.01)
p=0.06
Healthy foods (SD) 0 (ref) −0.23 (−0.49 to 0.03)
p=0.09
0.07 (−0.22 to 0.36)
p=0.63
Sweet foods (SD) 0 (ref) −0.25 (−0.51 to 0.01)
p=0.06
−0.07 (−0.33 to 0.20)
p=0.63
Starchy foods (SD) 0 (ref) 0.16 (−0.06 to 0.38)
p=0.16
0.33 (0.05 to 0.62)
p=0.02
Child’s weight in first week (kg) 0 (ref) 0.11 (−0.01 to 0.23)
p=0.07
−0.06 (−0.20 to 0.08)
p=0.42
Child’s weight at 3 months (kg) 0 (ref) 0.19 (0.01 to 0.38)
p=0.04
0.05 (−0.16 to 0.27)
p=0.62
N=687 using multiply imputed data.
Values are ORs or mean differences (95% CIs) comparing Maori or Pacific children and other ethnicity children to European children. Multinomial logistic regression was used for
maternal pre-pregnancy BMI, with <25 kg/m2 as the reference category. Logistic regression was used for binary risk factors, and linear regression for continuous risk factors.
Sociodemographic variables included in the analyses were maternal age, maternal education and NZ deprivation index.
*Dietary pattern scores are standardised to have a mean of zero and a variance of one; values in this table can therefore be interpreted as SDs from the overall population mean.
BMI, body mass index.
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sweets, ﬁzzy drinks and crisps) and lower scores on a ‘healthy’
dietary pattern (characterised by the high intake of stir fried
vegetables, fresh fruit, oats and pulses). Maori and Paciﬁc
infants already had higher weight in the ﬁrst week of life and at
3 months compared with European children. These ethnic
inequalities in early life risk factors for obesity were not
explained by measured sociodemographic factors.
Ethnic identity is an important axis of health inequalities in
New Zealand with the health status of Maori and Paciﬁc people
being markedly poorer than that of the European population.
Obesity is an area of particularly striking ethnic inequalities,
with the prevalence of obesity in adult women being 80%
higher in Maori and more than double in Paciﬁc women com-
pared with Europeans.2 Given the early-life origins of obesity,35
developing interventions to prevent obesity in childhood for
these ethnic groups is a key public health strategy.
Our ﬁnding of greater weight in infancy in Maori and Paciﬁc
children is in agreement with previous research. For example,
one study found that the risk of having a child with a birth
weight of 4 kg or more was more than twofold higher in Paciﬁc
women compared with European women36 and a cohort of 722
Paciﬁc children in New Zealand found high birth weight and
rapid growth in the ﬁrst years of life.37 Thus, the ethnic differ-
entiation in weight trajectories in New Zealand begins in very
early life.
In our study, Maori and Paciﬁc mothers had higher scores
than European women on the ‘snack’ dietary pattern, and lower
scores on the ‘healthy’ and ‘sweet’ patterns, but no difference
on the ‘processed’ dietary pattern. This differs somewhat from a
previous study of 1714 pregnant women in which Maori and
Paciﬁc mothers were found to have higher scores on a ‘junk
food’ dietary pattern,38 and a study of 115 pregnant women in
Wellington, New Zealand, which found that Maori women con-
sumed more sucrose than European women, and Paciﬁc women
consumed more starch.39 However, all three studies do show
adverse dietary intakes in Maori and Paciﬁc women. Although
widely discussed as a protective factor for obesity, studying the
effects of breastfeeding on child growth is fraught with meth-
odological problems, including considerable residual confound-
ing and reverse causality.40 Recently, evidence from study
designs better able to address these methodological issues have
questioned the causality of breastfeeding as a protective factor
Table 4 Association between child’s ethnicity and known risk factors for later obesity (with adjustment for sociodemographic characteristics)
European
N=493
Maori or Pacific
N=115
Other
N=79
Categorical risk factors; ORs and 95% CIs
Maternal pre-pregnancy BMI, kg/m2
<25 1 (ref) 1 (ref) 1 (ref)
25 to <30 1 (ref) 1.47 (0.80 to 2.68)
p=0.21
1.03 (0.58 to 1.82)
p=0.92
≥30 1 (ref) 2.27 (1.21 to 4.26)
p=0.01
0.44 (0.15 to 1.29)
p=0.14
Mother did physical activity pre-pregnancy 1 (ref) 1.79 (0.92 to 3.48)
p=0.09
1.30 (0.60 to 2.81)
p=0.50
Hypertension in pregnancy 1 (ref) 1.50 (0.82 to 2.75)
p=0.19
0.97 (0.45 to 2.07)
p=0.93
Diabetes in pregnancy 1 (ref) 0.74 (0.20 to 2.73)
p=0.65
1.70 (0.59 to 4.91)
p=0.32
Exclusive breastfeeding in first 3 days 1 (ref) 0.72 (0.43 to 1.23)
p=0.23
0.95 (0.52 to 1.74)
p=0.87
Exclusive breastfeeding at 3 months 1 (ref) 0.98 (0.63 to 1.52)
p=0.92
1.24 (0.75 to 2.03)
p=0.40
Solid foods introduced by 3 months 1 (ref) 1.24 (0.77 to 1.98)
p=0.38
0.80 (0.45 to 1.40)
p=0.43
Continuous risk factors; mean differences and 95% CIs
Mother’s diet in pregnancy*
Processed foods (SD) 0 (ref) 0.07 (−0.18 to 0.33)
p=0.57
−0.11 (−0.37 to 0.15)
p=0.41
Snacks (SD) 0 (ref) 0.37 (0.12 to 0.62)
p=0.004
−0.27 (−0.53 to −0.01)
p=0.05
Healthy foods (SD) 0 (ref) −0.11 (−0.37 to 0.15)
p=0.40
−0.02 (−0.30 to 0.26)
p=0.90
Sweet foods (SD) 0 (ref) −0.20 (−0.46 to 0.06)
p=0.12
−0.09 (−0.36 to 0.17)
p=0.50
Starchy foods (SD) 0 (ref) 0.23 (−0.00 to 0.47)
p=0.05
0.30 (0.02 to 0.58)
p=0.03
Child’s weight in first week (kg) 0 (ref) 0.08 (−0.04 to 0.21)
p=0.20
−0.05 (−0.19 to 0.10)
p=0.53
Child’s weight at 3 months (kg) 0 (ref) 0.16 (−0.04 to 0.36)
p=0.11
0.07 (−0.15 to 0.29)
p=0.65
N=687 using multiply imputed data.
Values are ORs or mean differences (95% CIs) comparing Maori or Pacific children and other ethnicity children to European children. Multinomial logistic regression was used for
maternal pre-pregnancy BMI, with <25 kg/m2 as the reference category. Logistic regression was used for binary risk factors, and linear regression for continuous risk factors.
*Dietary pattern scores are standardised to have a mean of zero and a variance of one; values in this table can therefore be interpreted as SDs from the overall population mean.
BMI, body mass index.
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for later obesity;41 42 nevertheless, breastfeeding is beneﬁcial for
other infant outcomes, including cognitive development,42 and
it is reassuring that in this study we do not ﬁnd strong ethnic
differences in the prevalence of exclusive breastfeeding in the
ﬁrst 3 days of life and at 3 months.
The key strengths of this study include the availability of a
broad range of potential early life risk factors for obesity, and
the use of multivariate multiple imputation to minimise selec-
tion bias and maximise efﬁciency. Data on infant weight were
extracted by the mothers from the child’s health records; such
data have been shown in other contexts to have a reasonable
degree of accuracy.43 The self-reported nature of data on pre-
pregnancy BMI is a limitation, since it is known that such data
can be inaccurate, with greater degrees of inaccuracy observed
in overweight people.44 However, evidence suggests reasonable
concordance between overweight status deﬁned on self-reported
or measured BMI,44 including no ethnic differences in the
degree of concordance in a New Zealand population,45 so we
consider that this is unlikely to have strongly biased our results.
However, the fact that ethnic differences in infant weight at age
3 months are not explained by adjustment for potential media-
tors may be at least partially explained by measurement error in
the self-reported data. Residual confounding is also a possibility;
our adjustment of ethnic differences for socioeconomic factors
is unlikely to have fully accounted for the socioeconomic differ-
ences between the ethnic groups. We have not adjusted infant
weight for length, and as such our estimated ethnic differences
in infant weight may be confounded by length. However, the
method of adjustment of infant weight for length is controver-
sial and dependent on gestational age,46 and both weight-
adjusted and length-adjusted weight during infancy are known
to be associated with later obesity.47 Our earliest measure of
infant weight in this sample is from 1 week, which we believe is
likely to be a reasonable approximation of birth weight. Our
sample size was not sufﬁcient to assess any differences between
Maori and Paciﬁc infants. Even grouping these ethnicities, our
power was limited; for example, for the difference in child’s
weight at 3 months between Maori and Paciﬁc infants and
European infants (0.19 kg), our sample size provided 55%
power to detect this difference at the 5% signiﬁcance level in
the imputed data. Furthermore, we did not have sufﬁcient
numbers of infants to further explore the ‘other’ ethnic group,
which had better outcomes than NZ European infants for many
of the risk factors examined in our study. Small numbers of
women with hypertension and diabetes in our study meant that
we had limited statistical power to examine these outcomes.
The women participating in this cohort were of relatively high
socioeconomic position; over 25% of them were from the
bottom ﬁfth of area-level deprivation, and less than 10% were
from the most deprived ﬁfth of the population. The distribution
of area-level deprivation within the participants of the cohort
who are of European ethnicity broadly matches that seen in the
total New Zealand population;48 however compared with the
full New Zealand population, the cohort participants of Maori
and Paciﬁc ethnicity were relatively socioeconomically advan-
taged.48 This is likely to mean that the ethnic inequalities in risk
factors observed within this study are underestimates of the true
degree of inequality. Further research is necessary to understand
the factors contributing to the ethnic inequalities we observe;
residual confounding by socioeconomic factors, behavioural dif-
ferences and genetic factors are all possibilities.
In conclusion, this study provides evidence of excess preva-
lence of early life risk factors for obesity, in particular maternal
obesity, poor maternal diet during pregnancy and high weight in
infancy in Maori and Paciﬁc infants in New Zealand. Given the
striking ethnic inequalities in obesity in childhood and adult-
hood in New Zealand, this suggests an urgent need for prevent-
ive interventions, including those focusing on pre-pregnancy,
pregnancy and early infancy.
What is already known on this subject?
In New Zealand, the burden of childhood obesity is greatest in
Maori and Paciﬁc children. Several early life (pre-pregnancy,
pregnancy, perinatal and infancy) factors are known to be
associated with obesity in later life. Our study examined ethnic
inequalities in these early life risk factors in a cohort of
3-month-old infants in New Zealand.
What this study adds?
This study provides evidence of excess prevalence of early life
risk factors for obesity, in particular maternal obesity, poor
maternal diet during pregnancy and high weight in infancy in
Maori and Paciﬁc infants in New Zealand. Given the striking
ethnic inequalities in obesity in childhood and adulthood in
New Zealand, this suggests an urgent need for preventive
interventions speciﬁcally targeting high-risk ethnic groups,
including those focusing on pre-pregnancy, pregnancy and early
infancy.
Table 5 Association between ethnicity and infant weight at age
3 months, and the degree to which this is explained by other risk
factors
Mean difference (95% CI) in infant weight at
3 months (kg)
European
N=493
Maori or Pacific
N=115
Other
N=79
Unadjusted 0 (ref) 0.19 (0.01 to 0.38)
p=0.04
0.05 (−0.16 to 0.27)
p=0.62
Adjusted for
sociodemographic
variables*
0 (ref) 0.16 (−0.04 to 0.36)
p=0.11
0.07 (−0.15 to 0.29)
p=0.65
Adjusted for
maternal
pre-pregnancy BMI
0 (ref) 0.18 (−0.01 to 0.37)
p=0.06
0.06 (−0.15 to 0.28)
p=0.58
Adjusted for
maternal dietary
pattern scores†
0 (ref) 0.22 (0.03 to 0.41)
p=0.02
0.03 (−0.18 to 0.25)
p=0.76
Adjusted for all
measured potential
mediators‡
0 (ref) 0.17 (−0.03 to 0.38)
p=0.10
0.03 (−0.19 to 0.25)
p=0.76
N=687 using multiply imputed data.
Values are mean differences (95% CIs) in infant weight at age 3 months (kg) from
linear regression, comparing each ethnic group with the reference category, European
ethnicity.
*Adjusted for maternal education, maternal age and NZ deprivation index.
†Adjusted for scores for all five dietary patterns.
‡Adjusted for maternal education, maternal age, NZ deprivation index, maternal
pre-pregnancy BMI, scores for all five dietary patterns, hypertension during
pregnancy, diabetes during pregnancy, physical activity during pregnancy, exclusive
breastfeeding at 3 days, exclusive breastfeeding at 3 months, and early introduction
of solid foods.
BMI, body mass index.
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